
r i '  p 
U N I T E D  STATES 

DEPARTMENT OF THC INTERIOR orlt, 1 ' 1  ( 3 ~  RE';LAMATION 

B U R E A U  OF R E C L A M A T I O N  Y : ' ! J I , IC  1.~8-4470RY 
I:,?; . ) el :  I,.*. FROM L'I 

HYDRAULIC MODEL STUDIES OF THE OPERATION OF 
THE FACE CAISSON FOR INSPEGTION AND 

MAINTENANCE OF THE SUBMERGED PORTION OF 
THE SPILLWAY FACE--GRAND COULEE DAM-- 

GOLUMBIA BASIN PROJECT, WASHINGTON 

Hydraulic Laboratory Report No. Hyd.-238 

RESEARCH AND GEOLOGY DIVISION 

BRANCH OF DESIGN AND CONSTRUCTION 

3 E N V E R .  COLORADO 

DECEMBER 27,1949 



UNITED STATES 

DEPARTMENT OF THC INTERIOR D' l i '  ' 7 1  OF RE'JLAMAT 1 ON 

BUREAU OF RECLAMATION * Y T ' 111,IC 1,,\Bnr(A?ORY 
yn.: + ) , : * L . ,  I,.... * 'du i '  kROM k . 1  

HYDRAULIC MODEL STUDIES OF THE OPERATION OF 
THE FACE CAISSON FOR INSPECTION AND 

MAINTENANCE OF THE SUBMERGED PORTION OF 
THE SPILLWAY FACE--GRAND COULEE DAM-- 

COLUMBIA BASIN PROJECT, WASHINGTON 

Hydraulic Laboratory Report No. Hyd.238 

RESEARCH AND GEOLOGY DIVISION 

BRANCH OF DESIGN AND CONSTRUCTION 

DENVER, COLORADO 

DECEMBER 27,1949 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Purpose of Study .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Conclusjons .............................................. Recomnendations ................................................ Introduction 

................... Generz1 Features of Cra.,rd Coulee Dam ................... Descriptio:~ of 3piLlway Face Caisson 

................... Ogeration of t h e  Spillway Face Caisson ... 
............. . I n i t i n 3  Frocci..re. Specif icat ions  No 1108 .................... Nodel Test of t h e  I n i t i a l  Procedure ........... Revised Procedidre. Based on Laboratory Tests  

.................................................. Discussion 

.......................... Description of t h e  1:20 Model 
Preliminary Floating Tests  ........O...O................ .................. Development of the FiniL &iodel Design ................... Studies of t h e  PIooring Operation .... 
Sealing and Ref l o a t  ing t h e  Caisson ................... A ......... S M l s r i t y  b e t ~ e c n  I.lodel and Prototype eights  
Change in Angle of T i l t  trnd Xlevation of Front End 

f o r  Various Amounts of 'dater in t h e  Lower Ballast 
Tanks ..............O.............................. 

Chazzge i.11 Angle of Tilt f o r  Various Amounts of Wzter 
' 

in Both Bal las t  Tanks ...........................~O 
Detsrminztion 'of t h e  Amount of Water needed i n  Bal las t  

Tanks .......................................... i. ... ki. .; le of Tilt iieqdreci f o r  I~ ioor ing4a isson  Floating 
~ n & e  of T i l t  f o r  Various Amoutits 'of 'Water.bi Bj-llast 

' 

T a n k s - 4  aisson Moored .............................. 
Force on 1.looring Post  fo r  Different Ta i l  'dater 

Xlevut ions ' and'various 'Amounts of ' Wate i.. in 'Bal las t  
Tanks .mme......m..............O..O................ 

Force Required t o  P u l l  Caisson up-the'Fzce of the  .......................... Spillway t o  Nooring Post 
Force Exerted on Face of t h e  Spillway by Caisson 

Wheels when Caisson i s  Moored ..................... 



Number 
b 

1 
2 

Grand Coulee Dam 
Posit ion o f  Caisson o:i Spillvray Face 
Face Caisson General ~lssembly 
Face Caisson Higging .Arrangement 
Determination of Amount of Water in Upper Bal las t  Tank 
Determinatio:l of Amount of Water in Lower Ballast Tank 
Face Caisson Placing Op erat  ions-Specificat ions  No. 1108 
Effect  of Ballast  Water on t h e  Mooring Forces and T i l t  Angles 
Quantity of Vatcr in Ballas t  Tanks fo r  Hornkg and Sealing 
Gr.:nd Coulcr: Spillway Face Caisson, 1:20 Scale Model 
iielr+tlcri of T i l t  t o  'dater in Lower Bal las t  Tank, Upper 

Tank 8,,73 Percent F u l l  
&looring of Grand Coulee Spillway Face Caisson t o  Face of 

Dam, 1: 20 Scale Model 
Sinking Grand Coulee Spillway Face Caisson in  Place on 

Spillway Face, 1: 20 Scale Model 
Comparison of Piode1 with Prototype Design 
Bal las t  Required t o  T i l t  Caisson, Upper Ballast 

8,73 Percent F u l l  
Relation of T i l t  t o  Water in Upper and Lower Ballas t  Tanks 
Tilt Angle t o  Reach Mooring Post for  Various T a i l  Water 

Elevations, Upper Bal las t  Tank Empty 



DEPAKTElENT OF THE INTERIOR 
BUREAU OF WJXAFlATION 

Branch of Design and Construction Laboratory Report No. 238 
Research and Geology Division Hydraulic Laboratory 
Denver, Colorado Compiled by: F. C. Lowe 
Decembsr 27, 1949 W. P. Simmons, Jr. 

Reviewed by: W. C. Case 
J, 'd. Ball 

Subjecti Hydraulic model s tudies  of t h e  operation of the  face 
caisson f o r  inspection anci maintenance of the  submerged 
portion of .the spil lway face--Grand Coulee Dam-Columbia 
Bcssrn Project , Washington 

Reference: A swrna~ of t h e  operating procedure f o r  t h e  mooring: sinking, 
and ref loat ing t h e  caisson, based on t h e  findings given 
ur t h i s  report ,  i s  given in Hydraulic Report No. 264, 

PURPOSZ OF STUDY 

The spillway face caisson f o r  Grand Coulee Dam w a s  designed 
t o  make accessible f o r  inspection and repa i r  t ha t  por t ion  of  t h e  spillway 
face which i s  :lormally submerged by t a i l  water, A major problem was. t o  
determine a sa t i s fac tory  and safe  operating procedure t o  place, moor, 
sink, unwater and r e f loa t  t he  caisson. The problem w a s  complicated by 
t h e  l a rge  s i ze  of t h e  caisson and a 10-foot var ia t ion ia tail water 
elevation,  P a r t  of t he  solution t o  t h i s  problem was  obtained by 
hydraulic nodel t es t s .  This  report  presents a description of these t e s t s ,  
the t e s t  resu l t s ,  t he  conclusions reached, and recommendations. 

CONCLUSIONS 

1. The best  proced~.re f o r  mooring, sinkinp;, and re f loa t ing  the  
caisson on the  spillway face  i s  given in t h e  section of t h i s  report  
describing the  Operation of t h e  Spillway Face Caisson, page 8. 

2. I f  t h o  mooring procedure a s  given i n  Specifications No. 1108 
were followed, t he  caisson could be tilted t o  reach the mooring post 
only i f  the 'water surface i s  above elevation 936 approximately 
( ~ i ~ u r e  17). Also sinking t h e  caisson onto t h e  spillway would necessi- 
t z t e  the addition and removal of  water in  t h e  ba l l a s t  t~tnks i n  a 
rnanner t h a t  might become involved a d  time consuming. 



co~npartmento. I f  t h e  lower tank is a s ing le  con~pclrtinent, a severe 
sidewise l i s t  w i l l  occur when the  angle of tilt i s  more than 4 5 O .  

4* 'rhen t h e  caisson i s  f loat ing,  t he  tilt angle depends 
primarily on t h e  m.ount of water i n  t h e  lower b a l l a s t  tank, a ~ ~ d  when 
t h e  tilt angle i s  grea te r  t h ~ m  lo0, t h e  addit ion of a quznt i ty  
of water t o  t h i s  tank tiill cause a comparatively large lncroase of 
t h e  tilt angle ( F i p * c  16) , 

5, The iieifrht t h e  I ron t  end of t h e  caisson l i f t s  out of t h e  
l iatcr  \hen t i l t e d  depends on the  rveight of t h e  caisson, and i s  grea tes t  
when t h e  upper ball-ast ta?k i s  empty ( ~ ~ ~ u r e  15). 

6 ,  The 1:20 riodcl caisson was hezvi5r than t h e  prototype design; 
but '3:. assuming t h a t  t h e  rx~dell  s b a a s t  tanks were pa r t l y  f i l l e d  with 
water., t h c  r e l a t i on  of tilt t o  t h e  cmount o f  water i n  the  lower tank 
and the height t he  caisson f ront  end l i f t s  out of t h e  viirter cornpare 
reasonabb  well  r:ith the  design curves (Figures &, 15, and 17). 

7. The caisson can be t i l t e d  by placing water i n  ei t t ler  t h e  
uFper o r  lorrcr ba l l a s t  tanks, and t o  a l imi ted  extent by ~ p p l y i n g  force 
to t he  l a t e r n l  control l i nc s .  Howevcr, using t he  l a t e r a l  control  l i n e s  
t o  tilt t h e  caisson is not &vocc?ted, 

8.  The dual wheels of t h e  caisson should be held against t h e  
spiUlmy face during mooring with a minimum force  o f  10,000 pounds 
( ~ i g u r e  8 )  uriiich i s  accomplished by following t h e  ?rocedurc re fe r red  
t o  in Conclusion NO, 1. This procedure requires  t h e  caisson to be 
pulled up t o  t h e  mooring post by a cable a t  the  top of t h e  dam o r  by 
s imilar  means. Plooring t h e  caisson by t h e  other  procedures t e s t ed  ivill 
allotr t he  caisson :utleels t o  l i f t  off t he  spillway face, and t h e  
ca i sso~l  :.rill beccine unstable l n t  crally. 

4. Liith t h e  lower b a l l a s t  tank about 78 pcrcent fu l l ,  the  force  
on t h e  mooring post i s  independent of t h e  amount o f  water in t h e  upper 
b a l l a s t  t a n k  a d  t h e  r i v e m a t  e r  surf  ace elevation provided t h a t  t h e  
tilt angle does not exceed t!le slope of t h c  spi l l r4ay ( ~ i g u r e  8). 

10. The force on t h e  nooriilg post irill become excessive if the  
lower tank i s  f i l l e d  l e s s  thon 65 j~ l rcen t ,  a d  with high r ivenrc te r  
elevations, t ' i i s  force w i l l  boco:ie zero i:ith t!le loirer tail; 80 t o  84 
percent full ( F i p e  8 ) ,  



post md the  force of the  wheels'against the spillway a r e  near iy  
constant throughout the  pulling operation. Further, the  pull ing 
forces and wheel loads a re  nearly equal t o  the force on the mooring 

B post a f t e r  the  caisson i s  moored ( ~ i g u r e s  7 and 8). This equal i ty  
holds only when the angle of tilt does not become so great  t o  cause 
the caisson lower end t o  drag against t he  spillway. 

II 

l.2. After the caisson i s  moored, but before it i s  sunk against 
the  spillway, the  tilt angle depends upon the  water in the  ba l las t  
tanks and the t a i l  water elevation (Figure 8)" 

13. The caisson rubber s ea l  i s  l i k e l y  t o  be damaged if the 
lower end of the caisson s t r i kes  the  spillway f i r s t ,  which drags the 
seal. This damage can be avoided by mooring the ceisson with the 
wheels kept f i m l y  aaainst  the  spillway. 

14. The model sealed eas i ly  against the  spillway with no 
indication of leakage, but troubles may a r i s e  i n  the  prototype which 
cannot be studied by the model. I f  sealing trouble i s  experienced, 
the  operator should be careful  when fillins the ba l l a s t  tanks f o r  the  
parpose of exerting pressure a ainst the spillway, for  t h i s  procedure 
may overload the mooring post fFiqures 8 and 9).  

15. The caisson may be unsealed, released, and refloated i n  the  
reverse of the mooring and ninking procedure as given in the  Operation 
of the Sp i l l t ay  Face Caisson section of t h i s  report, page 8 ,  or  the  
caisson may be released and then allowed t o  g l ide  downward i n t o  t he  
water. This l a t%er  procedure appeared sa t i s fac tory  with the  model 
when the lower ba l l a s t  tank was approximately 75 p r c e n t  f u l l ;  however, 
it i s  questionable for  the p r o t o t p ,  fo r  when the caisson breaks 
the  surface, surges and bo i l s  may occur which may be dangerous t o  
personnel. 

1. Before the prototype caisson i s  moored, determine by f i e l d  
t e s t s  the  rolat ion of tilt angle t o  the amount of water i n  the  upper and 
lower ba l l a s t  tanks, and i f  necessary, correct  Figure's 5, 6, and 16. 

2. Use the  operating procedure fo r  mooring, sinking, and ref loat-  
ing  the caisson t h a t  i s  given on page8 8 and9 and Figures 5, 6, and 9 
of t h i s  report  or  Hydraulic Laboratory Report No. 264, 



I 4. I f  the mooring post is  used as an anchor in the  mooring 
operation, do not pu l l  the caisson up the  spillway too f a s t  as the  

I a pullbig force on the mooring post m y  increase a s  rmch a s  100 percent, 
and riftar t h e  caisson i s  moored, it w i l l  rock about t h e  wheels and 
cause considerabl-e fluctuation of force on the mooring post. 

General Features of Grand Coulee Dam 

The spillway fo r  passing surplus flow from the  reservoir  t o  
the  r i ve r  downstream has a gross length of 1,650 f ee t  (Figure 1.) 
The spillway flow i s  controlled by 11 hydraulically operated drum gates, 
28 f ee t  high by 135 fee t  long, separated by piers  s u ~ p o r t i n g  a roadway 
across the dm.  Two t ra ining walls on the downstream face of t he  d m  
confine the zpillway flow t o  a r o l l e r  bucket s t i l l i n g  pool at  t he  t oe  
of the dam. Tho difference i n  elevation from the  reservoir  water 
surface t o  the  t a i l  water w i l l  vary from 350 f e e t  f o r  low discharges t o  
280 fee t  fo r  the  maximum discharge of 1,000,000 cfs. The slhxty 102-inch 
diameter r i v e r  ou t le t s  arranged i n  th ree  t i e r s ,  each differ ing in 
elevation by 100 fee t ,  pass through the  r i gh t  two-thirds of the  spillway 
section. Each t i e r  consis ts  of 20 ou t l e t s  grouped i n  pa i r s  and located 
d i r e c t l y  above o r  below those of the  other t i e r s .  A l l  emerge from the 
downstream face a d  discharge down the  spillway face i n t o  the s t i l l i n g  
pool. The two  powerhouses, one a t  each end of the  spillway a t  the  base 
of t he  dun have an ultimate capacity of 945,000 kw each. They discharge 
t h e i r  flow from the  turbines through d ra f t  tubes i n t o  ta i l race8  

I excavated the riverbanks, where it passes i n to  the main r i v e r  
channel downstream from the  spillway s t i l l i n g  pool, 

During the period of construction of the dam, it was  necessary 
t o  re lease  t h e  flow of the r i v e r  over t he  spillway section i n  an 
unsymmetrical manner, and damage t o  the  concrete surfaces of the  bucket 

,resulted by an upatream movement of boulders f romthe  riverbed. Over 
\ a  period of time damage has a l s o  occurred t o  the  submerged portion of 

I the  spillway face due t o  erosion and apal ls  at the  construction joints, 
Because the bucket and t h i s  portion of the  spillway face are aubinerged 
by t a i l  water they a rc  not acceaaible by usual means (Figure 2). 
Therefore, two access caissons were designed t o  permit inspect ics  and 
repair--one fo r  the bucket section and the other  f o r  t he  below water 
portion of the  spillway face. This report  i s  concerned with the  
nydraulic model studies of the operation of the caisson f o r  the s g i l l ~ a y  

* 



face. A l l  s tudies  of the  operation of t he  caisson f o r  t h e  bucket 
a r e  described i n  the  Laboratory Report Hyd. 174, "Hydl*aulic Model 
Studies Pertaining t o  the  Repair, Maintenance snd Protection of t h e  
Spillway Bucket and the  Protection of the  Tailrace Sl-opes and Downstream 
River Banks a t  Grand Coulee Dam," by J o  W .  Ball. 

Description of S ~ i l l w a y  Face Caisson 

The face  caisson i s  a box-like s t ruc tu re  58 f e e t  long, 
54 f e e t  wide, and 9 f e e t  high, Specificat ione NO. 1108, It w i l l  be 
f loa ted  t o  the  spillway, moored i n t o  posit ion,  t i l t e d ,  and sealed t o  
provide an access chamber f o r  inspection and r epa i r  of t h e  spil lway 
face between elevations 90100 and 94Se0 (Figure 2). The caisson i s  
divided i n to  two sect ions  (Figure 3 ) r  The working space next t o  t h e  
spillway i s  a s ing le  compartment 4 f e e t  high. The space above, which 
i s  5 f e e t  high, contains s t r uc tu r a l  beams and i s  divided i n t o  water t ight  
compartmente. Two of these  compartments a r e  b a l l a s t  tanks,  and a r e  
designated a s  the  upper and lower tanks according t o  t h e i r  respect ive  
locat ion when t h e  caisson i s  t i l t e d  i n t o  posi t ion agains t  t h e  spil lway 
(see  Section A-A of Figure 3). The upper ba l l a s t  tank may be f i l l e d  
witah water t o  a s s i s t  i n  sinking t he  caisson while the  lower tank w i l l  
be f i l l e d  with water mainly t o  tilt the  caisson. The lower tank m y  
a l s o  k used t o  t r im  t h e  c aisson (maintain an even keel )  f o r  it i s  
divided i n to  th ree  compartments which mAy be f i l l e d  ind iv idua l ly  t o  
counteract any tendency t o  list. A trim tank located above the upper 
b a l l a s t  t m k  a t  i t s  r i g h t  s ide  may be f i l l e d  with s u f f i c i e n t  water t o  
balance the weight of the  pumps, piping and equipment on t he  t op  and 
l e f t  s ide  of the caisson. 

The caisson i s  b u i l t  of s t e e l  g i rdurs ,  p la tes ,  and webbing 
joined by bo l t s ,  r i ve t s ,  and welds t o  make the s ing l e  u n i t  a s  shown in 
Figure 3. Timber bumpers a r e  added t o  t h e  s i de s  f o r  protect ion during 
maneuvering i n  t h e  r i v e r  channel below the  d'sm. Two dua l  wheels a t  t h e  
f ron t  permit the  s t ruc tu re  t o  r o l l  up o r  d o w ~  the  face  of t h e  spil lway 
luring operation. An A-frame tongue i a  located a t  t h e  f r on t  o r  upper 
end which w i l l  be at tached t o  a moorjng post anchored on t he  spil lway 
face a t  elevation 954.35 t o  hold the  caisson in posi t ion during t h e  
t i l t i n g  and placing operations. The rigging: arrangement t o  p u l l  t h i s  
A-frame t o  t h e  mooring post i s  shown i n  Figure 4. A peaking p s t  o r  
ho i s t  frame is  locs ted above t he  A-frame and i s  connec3sd t o  t he  A-frame 
by peaking l ines .  Pull-in l i n e s  may a l s o  ble connected from %he h o i s t  
frame t o  the  mooring post. To a l i gn  tho A'-frame t o  the  mooring post, 
t h e  A-frame contains a guide shoe, and t h e  mooring post a connecting 
guide which s t e e r s  t h e  guide shoe t o  t h e  post where it may be pinned 
i n t o  position. 



in Figure 4, and such liner; as may be necessary t o  a t t a ch  t o  tugs  o r  
barges dur~ing maneuvering. The equipent ,  on t h e  caisson cons i s t s  of 
t he  ho i s t  machinery f o r  the  mooring operation, and pumps t o  f i l l  o r  

t empty t he  b a l l a s t  tanks and t o  tlnwater the  work chamber. A spec i a l l y  
designed rubber s e a l  extenda around the  bottom of the  work chamber t o  
s e a l  it on t he  spillway face, A valve-operating platform on t h e  t o p  

8 s ide  provides walking and working space f o r  the  operators,  and a l so  
funlishos support f o r  t h e  hois t ing rrachinery, 

Whenever t h e  operator begins t o  tilt and moor the caisson 
he msi, know the  amount of water he has placed i n  t h e  tanks, To 
determine these amounts, the  caisson i s  provided with l iqu id  l e v e l  
cages on the operating platform, The caisson must a l s o  be provided 
with tm instrument f o r  measuring t he  degree of tilt of the  caisson, 
A s  shown by the  sketches of Figures 5 and 6 ,  the  l i qu id  l eve l  gages 
measure t he  head, H, above the lower corner of t he  rectangular-shaped 
ball trst  tanks. To use t h e  Rages, a i r  i s  pumped slowly i n t o  t he  line. 
The lsressure readinc on the  d i a l  w i l l  i nd ica te  the head when a l l  water  
3.8 forced from the l ine.  

It i s  apparent t h a t  t h i s  head w i l l  depend not  only upon t h e  
quant i ty  of water in tne  tank, but a l s o  upon the  angle of tilt of t h e  
cai:json. Therefore two s e t s  of curves a r e  presented (Figures 5 and 6) 
with OC, the  tilt angle a s  the  ordinate,  H ,  t h e  haad above t he  lower 
corner of t he  tank as the  abscissa, and the  various curves representing 
+,he d i f f e r en t  amounts of water ir! t h e  tanks. Thus, by measuring the  
tilt angle and t he  head, the  amount of water i n - t h e  b a l l a s t  tanks may 
be found. It i s  t o  be noted t h a t  two curves a r e  provided f o r  t h e  lower 
tartk. Case 1 is  where a l l  compartments a r e  f i l l e d  uniformly and Case 2 
i s  where the  s i de  compartments a re  f i l l e d  95 percent f i r s t ,  and the  
center  compartment i s  then f i l l e d .  The percentage curves f o r  Case 2 
r e f e r  t o  the  t o t a l  percent of water i n  t h e  lower tank and not  t o  t he  
percent of the  water i n  t he  center  compartment. It was believed be s t  
t o  f i l l  t h e  s ide  compartments only 95 percent t o  give a small amount of  
leeway t o  oermit the  addi t ion o r  subtract ion of some b a l l a s t  f o r  
balancing o r  trlmminq t h e  caisson. 

OPEXATION OF THE SPILLWAY FACE CAISSON 

Z p i t i a l  O ~ ~ r a t i n ~  P r~cedu re .  S rec i f i ca t ions  No. 110% 

In  general, procedure f o r  operating t he  caisson was developed 
tiy the design department and included i n  the  Specif ics t ions  No. 1108 



t u g s  o r  barges t o  t h e  approximate pos i t i on  i n  f r o n t  of  t h e  spi l lway,  
and then a t t a c h  t h e  u l l ing- in  1.ines and l a t e r a l  c o n t r o l  l i n e s  (Figure 7, 
I n s t r u c t i o n s  1 and 2 7 . The next  s t e p  was t o  tilt t h e  ca i s son  t o  enable 
t h e  guide shoe on t h e  A-frame t o  contac t  t h e  connecting guide on t h e  
mooring ~ o s t .  The caisson would then be pu l l ed  t o  t h e  spill.way and 
t i l t e d  upwards u n t i l  t h e  A-frame reached t h e  mooring pos t  where it could 
be secured by a p in  (Figurs  7, I n s t r u c t i o n s  3,  4, 5, and 6). Once 
a t tached t o  t h e  mooring pos t ,  t h e  caisson would be sunk and sea led  
a -a ins t  t h e  sp i l lway ( ~ n s t r u c t i o n s  7 and 8 ) .  The t i r e s  of t h e  two wheels 
would then be d e f l a t e d  t o  prevent  overloading them, and t h e  working 
space unwatered. A s  a f i n a l  s t e p  it was planned t o  d r a i n  t h e  a i r  chambers 
of  leakage and t o  r e l e a s e  t h e  A-frame from t h e  mooring pos t  ( Ins t ruc -  
t i o n s  9, 10, 11, and 12). 

Upon completion of t h e  necessary r e p a i r  work on t h e  sp i l lway 
f ace  unwatered by t h e  caisson,  t h e  working space would be  r e f i l l e d ,  t h e  
s e a l  broken, and t h e  caisson r e f l o a t e d  t o  a ho r i zon ta l  p o s i t i o n  t o  be 
moved on t o  the  next  r e p a i r  s ec t ion  o r  t o  be returned t o  i t s  dock 
downstream. 

It was r ea l i zed  t h a t  t h e  opera t ing  i n s t r u c t i o n s  and c h a r t s  
of  Figure 7 were genera l  and would not  n e c e s s a r i l y  apply  t o  a l l  of t h e  
ccnd i t ions  under which t h e  caisson might be used. For ins tance ,  t h e  
r i v e r  water su r face  e leva t ion  could va ry  a s  much a s  10  f e e t ,  and it was 
possi.bie t h a t  t h e  mooring o p r a t i u n  with t h e  water surface a t  
e l eva t ion  945.0 would be q u i t e  d i f f e r e n t  from t h e  opera t ion  with t h e  
water sur face  a t  e l eva t ion  935.0. It was a l s o  poss ib l e  t h a t  a d i f f e r e n t  
sequence of maneuvers might be used t o  advantage dur ing  t h e  p lac ing  
operat ion.  Even more specu la t ive  was t h e  m s e a l i n g  o7erat ions.  Should 
t h e  caissor? be r e f l o s t e d  in exac t ly  t h e  same manner as it w a s  sank, o r  
wmld another  procedure be rnore advantageous. To determine how t h e  
caisson wou1.d a c t  a s  it w a s  sunk and sea led  aga ins t  t h e  spillwa:: and 
then r e f l o a t e d ,  and t o  ob ta in  a comprehensive schedule f o r  t h e  
opera t ions ,  a 1:20 s c a l e  model w a s  b u i l t  and s tudied  i n  t h e  Hydraulic 
Lahoretory. 

Model Tes t  of t he  I n i t i a l  Ouerati3n Procedurg 

The genera l  s t e p s  a s  ou t l ined  i n  Spec i f i ca t ions  No. 1109 f o r  
mooring and sinking the  caisson were given i n  t h e  previous s e c t i o n  and 
i n  Figure 7 of  t h i s  repork. Pre l iminary  podel  s t u d i e s  o f  these  
ope ra t ions  showed t h a t  it was e s s e n t i a l  t h a t  t h e  proper amountz of water  



elevations t o  avoid overloading t he  A-frame and mooring post,  and t o  
avoid dawging t he  s ea l s  during t h e  sinking and sea l ing  operation. 
These amounts of water were determined arrl a r e  presented i n  Figure 8, 

b 
bu$ because these  curves a r e  ra the r  awkward f o r  t he  operator ' s  use, 
t he  per t inent  data  were rearranged arvl plotted i n  Figureo 9, A axxi B. 

The maxitrmm quant i ty  of water which may be placed i n  t h e  
t 

upper tank fo r  t he  mooring operation f o r  the  range o f  r i v e r  water 
e levr t ion  t o  be encountered may be obtained from the  &shed curve (a)  
i n  Figure %. Water i s  then placed i r ~  t h e  lower tank t o  t h e  amount 
shown by t he  upper curve (a)  i n  Figure 9E t o  tilt t h e  caisson enough 
t o  allow t h e  guide shoe on t h e  A-frame t o  reach the  connecting guide 
on t h e  mooring post. Af ter  t he  A-frame i s  sacured t o  t h e  mooring post, 
water must then be removed from the  lower tank t o  t h e  amount shown by 
t he  lower curve (b) of  Figure 9B. The removal of water from t h e  lower 
b a l l a s t  tank is  necessary s o  t h a t  t he  misdon w i l l  not tilt beyond t h e  
slope of t h e  dam and allow t h e  lower s ea l s  t o  drag whan the  caisson is 
sunk t o  t he  spillway face. The f i n a l  s t e p  i s  t o  f i l l  the  upper tank 
t o  sc;ne value between t h e  maximum and m i n i m u m  amounts, curves (b)  and 
(c) ( y i p r e  9A) t o  s e a t  t he  caisson agains t  t he  spil lway face. 

It is  possible, due t o  c e r t a i n  corrections which were made ,a- 

t o  obtain b e t t e r  s imi l i tude between t h e  model aqd prototype ard t o  the  
uncer ta in t i es  involved i n  t h e  weight est imate of  t he  prototype caisson, 
t h a t  t he  percentages of  water t o  be placed i n  t h e  b a l l a s t  tanks may 
vary s l ight*  from those given i n  Figures 9A and 913. It is the re fore  
reconmended t h a t  f i e l d  t e s t s  be made t o  determine t h e  prototype re la t ion-  
sh ip  of angle of  tilt t o  quant i ty  of water i n  t he  b a l l a s t  tanks and t h a t  
the  percen,tage scales on Figures 5, 6, 9 ~ ,  9B, and 16 be sh i f t ed  i f  
necessarj.  

Aevised Procedure. Based on Laboratolv Tes t s  - 
The revised procedure d i f f e r s  from t h a t  given i n  Specif ica t ions  

P!o. 1108, pr incipal ly  i n  t h a t  the  caisson is  pulled up the  face cf t he  
s p i l l w y  o r  l i f t e d  t o  t h e  mooring post with a d e f i n i t e  force  instead of 

I 
being t r i i n m e d  and f loated t o  it. The reason f o r  t h i s  procedurd l i e s  i n  
the  f a c t  t h a t  t he r e  i s  poor l a t e r a l  s t a b i l i t y  o f  t he  upper end of t h e  
caisson when sidewise currents  ex i s t  and when t he  whsels a r e  not i n  
firm contact with t h e  spillway face. It was found by node1 t e s t s  t h a t  
when the  caisson was pulled up t he  face of t h e  spillway t o  t he  mooring 
post ,  the re  was a load on t h e  wheels approximately equal t o  the  pul l ing 
force. Therefore pul l ing t he  caisson t o  the  post by a r e l a t i v e l y  



s t a b i l i t y  is insured. It should a l s o  be pointed out  t h a t  a t  wateE 
sur face  elevation l e s s  than about 936.0, the  spec i f i c a t i on  procedure 
f o r  mooring the  caisson w i l l  not apply because t h e  f ron t  end cannot 

A be f loated high enough t o  reach t h e  mooring post. Therafore, it w i l l  
be necessary t o  pul l  t h e  caisson up t he  spillway face  o r  l i f t  it t o  
t h e  post regardless of t h e  procedure used. 

rn 
AS i n  the i n i t i a l  procedure, t he  upper tank must not be f i l l e d  

more than indicnted by t h e  dashed curve (a)  i n  Figure f o r  t he  
mooring operation. Then t h e  lower tank i s  f i l l e d  t o  t he  value shown 
by t he  bottom curve ( 5 )  i n  Figure 9U. Next a cable  i s  used t o  pu l l  
o r  l i f t  t h e  caisson up t o  t h e  mooring post where t h e  +frame is  secured. 
F ina l l y  t he  upper tunk is f i l l e d  t o  a n  amount between t h e  maximum and 
minimum curves (b) and (c)  &f?igure 9x t o  s e a t  t h e  caisson t o  the  
spil lway face. This procedure i s  explained i n  d e t a i l  i n  H y A .  Heport 
ho. 264 on the  "Operating Ins t ruc t ions  f o r  Eiooring, Sinking, and 
Aeflooting the  Grand Coulee Face Caisson." The most important advantage 
o f  t h i s  procedure i s  t h a t  good s t a b i l i t y  of t h e  upper end of t h e  
caisson is  insured because t h e  wheels a r e  always i n  firm cofittact with 
t h e  dam. mo the r  advantage of t h i s  mooring procedure is that t h e  
necess i ty  f o r  removing some of t h e  w t e r  from t h e  lower tank p r io r  t o  
s inking t h e  caisson is eliminated. 

DISCUSSION 

?les&tion of the  1:20 ldodel - 
The 1:20 s c a l e  model was made s imi la r  t o  t h e  prototype 

design previously described i n  t he  Introduction sec t ion  of t h i s  repor t  
( ~ i g u r e  10). The model was of sheet metal construction.  The pumping 
equipment was not included because it was unnecessary. To admit and 
remove water from the  b a l l a s t  tanks and work compartment, copper tubes 
led from the  compartments t o  t he  workdeck a t  t h e  f ron t  erd of t h e  
caisson. The upper ends of these  tubas were access ib le  with t h e  
caisson a t  any posit ion,  and a suct ion o r  water supply l i n e  could be 
ea s i l y  connected t o  t h e  tubes  t o  remove o r  add water a s  needed. Likewise 
t h e  ho i s t  machinery on t h e  model was considered unnecessary because 
t h e  cables which connected t h e  caisson t o  i t s  mooring post could be 
e a s i l y  opersted frorn t h e  mooring post i t s e l f  and accomplish the  des i red 
r e su l t s .  



The model caisson was placed i n  t h e  water i n i t i a l l y  t o  
o b s e ~ v e  the  manner i n  which it floated. With t h e  b a l l a s t  tanks 
empty, t he  freeboard was measured and it was found t h a t  t he  a t t i t u d e  

b 

was very nearly t h a t  ant ic ipated fo r  the  pyatotype except t ha t  the  
r e a r  l e f t  corner was s l i g h t l y  lower than t he  r igh t .  A s  water was 
?laced in  the  lotruer b a l l a s t  tank, t he  back end of t h e  caisson 

b 
submerged slowly on an even keel  u n t i l  it wss t i l t e d  t o  an angle of 
approximately 10'. Then, a s  water was added i n  very small quan t i t i e s  
t he  submergence increased rap id ly  u n t i l  the  angle  of tilt became 
a~:proximately 70'. As t he  caisson t i l t e d ,  it appeared t o  r o t a t e  about 
a horizontal  axis o r  pivot located a t  the  f r o n t  end near the water 
surface. When t i l t e d  more than 4 5 O ,  the  caisson developed a l i s t ,  
t ipping sidewise t o  t h e  l e f t  near ly  1 5 O .  Although the  natura l  tendency 
was t o  t i p  t o  the  l e f t ,  i f  a small counterbalancing w2ight were added 
t o  the r i gh t  side, the caisson could be made t o  t i p  i n  e i t he r  d i rec t ion .  
It was not s t ab le  and would not remain in an cpr igh t  posit ion,  and 
t h e  l i s t i n g  was apparently caused by a shifting of the  water load i n  
t h e  lower b a l l a s t  tank. To obtain an ind ica t ion  of the  forces  required 
t o  right the  caisson, a l i n e  was attached t o  t h e  f ron t  corner and 
pulled t o  l eve l  t h e  caisson transversely. A fo rce  of approximatel.y 
11,203 pmds  (1.4-pound model) was required. 

Suggestions t o  prevent t h i s  l i s t  included holding the 
f ron t  wheels against  t h e  face  of t he  spillway, using con t ro l  l ines ,  
and dividing the lower b a l l a s t  tank intto t h r e e  compartments t o  prevent 
~ h i f t i n g  of the water load. The l a t t e r  idea  seemed most pract ica l ,  
and n study was made t o  determine the  proper s i z e  of t h e  compartments. 
It was des i rable  t o  have t h e  compartments nea r l y  t h e  same s ize ,  but 
a t  the  same time t o  have t h e  outside compartments of  such s i z e  t h a t  
the7 could be f i l l e d  before t h e  caisson t i l t e d  appreciably. Thus it 
would be possible t o  con t ro l  the  t i l t i n g  operat ion by f i l l i n g  the  cen te r  
compartment. To determine i f  t h i s  were f ea s ib l e ,  t h e  re la t ion  of tilt 
t o  the  amount of water i n  the  lower tank was studied. The caisson 
was f i r s t  f loated with a l l  tanks empty, then known amounts of water were 
added t o  t he  s ingle  lower tank and the  resu1.tir.g angles of tilt measured. 
It was found t h a t  t h e  lower tank could be f i l l e d  70 percent before t h e  
tilt would exceed 8 O ,  and before the  r a t e  o f  tilt would increase 
g rea t ly  with add i t iona l  amounts of water (Figure 11).  Therefore, i t  
was decided t o  make the  center  compartment 20 f e e t  wide and the s ide  
compartments 17 f e e t  6 inches wide; for ,  wi th  t he  s ide  compartments 
f i l l e d ,  the angle o f  tilt would then be approximately 6-1/2O. This 
would provide ample s a f e ty  agains t  passinq through the  region of sudden 
change i n  tilt by t h e  addi t ion of small quan t i t i e s  dcring the f i l - l ing  
of  the center  compartment. 



When the model was revised by separating the lower bal las t  
tank in to  three compartments, refinements such a s  wheels, the hoist 
frame, t i m b e ~  bumpers, and sea ls  were added (Figures 10, A, B). The 
pumping equipment and hois t  machinery were not included since they 
were unnecessary. The f i r s t  t e s t  was $0 f l o a t  and tilt the caisson 
i n  a manner similar t o  t h a t  of the  preliminary t e s t .  When the  two 
outer compartments of the lower ba l l a s t  tank were f i l l e d ,  the tilt was 
approximately 6-1/2'. As t h e  middle compartment was f i l l e d  slowly, 
the  caisson se t t l ed  on m even keel without l i s t i n g  l a t e r a l l y ,  and i f  
tippsd sidewise would r igh t  i t s e l f .  With the  three compartments ~f t h e  
lower ba l las t  tenk f i l l e d ,  the  angle of  tilt was approximately 80 , 
ar.d when floating in t h i s  position, a small force or  wave action wofild 
cause the caisson t o  bob up and down i n  a manner similar t o  e float-  
ing cork. It was attempted t o  overturn the caisson by rotat ing it 
through an angle of 90° but t h i s  could not be done without exerting 
an unreasonably la rge  force. It was apparent t h a t  t h e  caisson would 
operate sat j . s factor i ly  i n  a l l  respects without fur ther  revisions. 
Thus the :nodel represented the  f i n a l  design. 

Studies of the moor in^ Operation 

The model caisson i s  shown in various posit ions during 
the ~ o o r h g  operation in Figures 12 and 13. The importance of a study 
t o  ascertain a proper procedure f o r  mooring became apparent in preliminary 
tests of t h i s  maneuver; f o r  an improper amount of water i n  the  ba l l a s t  
tanks would ei ther  cause the A-frame and mooring post t o  become overloede4 
o r  w ~ u l d  cause the A-frame t o  exert an upward thrus t  against the 
mooring post, l i f t i n g  the wheels from the face of the spillway a d  
creating an unstable condition. 

Sufficient water was placed i n  the  ba l l a s t  tanks t o  permit 
the  caisson to be t i l t e d  and attached t o  the  mooring post by a small 
~ ~ 1 1  on the A-frame, The r i v e r  water elevation was then chmged, When 
t h e  r i ve r  water was raised,  the  A-frame pu~h9d up;ard against the  
moorhg post and the  wheels l i f t e d  off the spillway, but when the  r i v e r  
water was lowered t h e  p u l l  on the mooring post increased. It was 
estimated tha t  the force caused by a change in elevation of 1 foot was 
22,003 pounds, and it was apparent t h a t  should the  r i v e r  water slevation 
change during mooring operations, the  amounts of water in the ba l l a s t  
tanks should be changed t o  meet the  new conditions. 



When the  wheels wore l i f ted off the  upillwsy, the caisson 
was none too s table  l a t e r a l ly ,  especially i f  sidewise current8 existed, 
This condition waLp aggravated by the l a t e r a l  oontrol  l i nea  which 
would hold the  lower end of the  caisson i n  posit ion while the upper 

I end would be f r ee  t o  d r i f t  unless held by other means. It was possible 
t o  hold t h i s  upper end by t h e  f r i c t i on  of the wheels againr '  t h e  
spillway, or by the connecting guide on the  mooring poat. However, 
it was found t h a t  the  connecting guide was none too e f f i c i en t  in t h i s  
respect because the  guide shoe on the A-frame would ro t a t e  permitting 
t h e  caisson t o  cove sidewise. The best method f o r  insuring lateral 
s t a b i l i t y  was t o  hold the wheels firmly against the  spillway throughout 
t he  ent i re  mooring operation i f  t h i s  were possible. It ma believed 
t h a t  the  t o t a l  wheel load force should be about 10,000 pounds. 

The mocedurc outlined i n  S ~ e c i f i c a t i o n s  No. U08 for  maorinn 
the  caisson when the  water surface was above elevation 937.0 was t k  
attempted. The caisson was floated in to  posit ion i n  f ront  of t he  
spillway and given an i n i t i a l  tilt so the A-frame could reach the  

i n  doGg so the  angle of tilt increased rapidly and t he  lower bdge of 
t h e  caisson touched the  face of the  dam with a s l id ing  motion. This 
was undesirable fo=. such an incident in the prototype m i ~ h t  damage 
the  seals. The procedure was then modified by placing addi t ional  
water i n  the  lower ballast tank, but t h i s  not only caused the  tilt 
angle t o  increase, but a l so  caused the  caisson t o  lift u r n ,  pushing 
the  wheels away from the spillway. A sa t i s fac tory  procedwe was 
worked out by (I.) tilting the ,..nisson ao t h e  A-frame could reach the  
mooring post; (2)  removing some water from t h e  laver  ba l l a s t  tank; 

I 
(3) placing water in t h e  upper ba l las t  tank; and, i f  necessary, (4) again 
placing water i n  t he  lower ba l l a s t  tank. The removal of water from 
t h e  lassr tank a f t e r  the caisson was moored prevented the lower end of 
t h e  caisson from :;ouching the  spillway, but if waer found t h a t  i f  too much 
water was removed, the  mooring post would becane overloaded. It was 
apparent t h a t  fur ther  t e s t s  of a quant i ta t ive  nature should be made t o  
determine the  amounts of water which ehould be removed or  placed in the  
tanks. 

In  t i l t i n g  the caisson against the spillway, It was found 
t h a t  the operation could be aided by applying a foroe t o  the lateral 
control  l ines ,  f o r  when these lines were under tension there  was a 
component of force pul l ing t h e  lower end of the  caisson toward the 
spillway. While this d g h t  be a ulseful maneuver i n  aase of nsasarity, it 



operations described i n  t h i s  report  were made with negligible tension 
on the  l a t e r a l  control  l i ne s  or  jus t  taut .  

a It appeared tha t  the  above procedure f o r  mooring the caisson 
might become complicated i n  t ha t  several  s teps  of f i l l i n g  and remov- 
ing water from the ba l l a s t  tanks might be necessary. Moreover, the  . wheels would not be held against  the  spillway during t h ~ t  part of t h e  
mooring operation where the guide shoe on t h e  A-frame contacts t h e  
connecting guide a d  s l ides  i n to  posit ion a t  the  mooring post; and a s  
previously explained, the  caisson would be a t  the  mercy of the  l a t e r a l  
currents. Therefore a new mooring procedure was studied whereby the  
caisson would be pulled t o  t he  mooring post by means of a cablo from 
above threaded through a block on the  mooring post and attached t o  the  
A-frame. This cable could be supplied by the  crcrne on the roadway a t  
the top of the  dam o r  by other convenient means. The idea of pul l izg 
the caisson t o  the  mooring post originated when it was found t h a t  the  
force of the  wheels against  the  spillway would be prac t ica l ly  t h e  same 
a s  t h e  force on the  cable during the  pull ing operation. The procedure 
t r i e d  on the  model was a s  follows: (1) water was placed i n  t he  lower 
ba l l a s t  tank t o  tilt the caisson su f f i c i en t ly  t o  reduce t h e  p u l l  t o  a 
desired limit, but not enough t o  tilt the  caisson beyo& the  slope of 
the  dam, (2) the caisson was pul led  t o  the  mooring poot and secured, 
(3) water was then placed i n  t he  upper ba l l a s t  tank t o  sink the  
caisson against  the  s p i l l m y  without l i f t i n g  the  wheels off  the  spillway 
o r  causing the lower en3 of t he  caisson t o  s t r i k e  t h e  spillway first. 

There appeared t o  be some advantages I n  each of t he  two 
?rocedures, but the  s e c o d  is preferred since it provides be t t e r  con- 
t r o l  a d  ~ 5 s b i l i t y  of t he  caisson. 

Once the  caisson was moored and sunk, the  important operation 
of unwatering the  work chamber would commence. No d i f f i c u l t y  was 
experienced with the model during t h i s  operation, f o r  t h e  s ea l s  held 
t igh t ly .  tdoreover, it was discovered t h a t  when a small amount of  water 
was rocloved from the work chamber, the  unblanced pressures caused the 
caisson t o  be ~llshed t i g h t l y  against tho spillway, fur ther  aiding the 
seal ing operation. The act ion should be the  same i n  the prototype. 
However, i f  there  a r e  bad spa l l s  i n  the  surface of t he  spillway face 
under the  seals ,  d i f f i c u l t i e s  might be encountered i n  t he  unwatering 
operation. These a r e  prototype problems. However, i f  trouble i s  
encountered i n  the  prototype, t he  operator must be careflil i n  f i l l i n g  
the  ba l las t  tanks t o  exert  pressure againat the  spillway, f o r  he may 
eas i ly  overload the  mooring post. 



quant i t ies  of weter i n  the  ba l l a s t  tanks for  the  exis t ing r i v e r  water 
elevation a t  t he  caisson l o c a t i ~ n  and t o  r e f i l l  the  work chamber. It 
was anticipated t h a t  the  work chamber could be f i l l e d  above the  water 
surface i n  the t a i l r a c e  t o  build up a force t o  break the seals  loose, 
or it might be possible t o  supply this force by emptying the  ba l l a s t  
tanks. No d i f f i c u l t y  should be encountered unlesp the  rubber sea l s  
of t he  prototype became stuck t o  t he  concrete on the  spillway; although 
such a circumstance i s  not l ikely.  The ref loat ing operation was f i r s t  
performed with the ba l l a s t  tunks empty t l r d  with the A-frame attached 
t o  t he  mooring post. A s  soon a s  the  work chamber was f i l l e d ,  t h e  
caisson broke f r ee  and lunged upward against the  mooring post pushing 
the  wheels off  the  spillway. Then, a s  it leveled of f ,  the  wheels 
dropped against the  spillway causing a severe jerk on the  mooring post. 
The forces on the  mooring post were f a r  i n  excess of the  designed load 
limit of 65,000 pourds. It was thus apparent t h a t  such u procedure f o r  
ref loat ing the  caisson should never be attempted. 

The next m s  t o  r e f loa t  t h e  caisson by pumping t h e  
ba l l a s t  tanks empty but with the A-frame disconnected. In  t h i s  case, 
the  caisson lunged upward, but vdth the  wheels ro l l i ng  on the  spillway. 
The next movement was downward with the  lower end of the caisson 
l i f t i n g  away from the  spillway and the wheels ro l l i ng  against  it. T h i s  
mas followed by another upward and downward surge u n t i l  the  caisson 
leveled off. as  the caisson leveled off ,  it moved away from the  spillway. 
A s  f a r  a s  could be seen, t h i e  method of ref loat ing would be sat isfactory,  
but it is  not t o  be recommended f o r  the  personnel aboard would be 
subjected t o  a rough 'ride, and it is  doubtful if any control  could be 
exerted by the  pulling-in and l a t e r a l  control  lines. 

This ref loat ing operation was repeated, but with the  lower 
ba l l a s t  tunks about 75 percent fill. I n  t h i s  case t h e  wheels ro l led  
down the  spillway and a t  t h e  same time the  lower end of t he  caisson rose 
t o  t h e  surface. A s  the  wheels submerged and a s  the  caisson leveled, the  
momentum forced it  away from the spillway. The act ion i n  t h i s  case ms 
not naarly a s  severe a s  I n  the  former t r i a l s ,  and it was concluded t h a t  
the  caisson could be safely  refloated by releasing it if the  lower ba l l a s t  
tanks were about 75 percent fu l l .  However, t h i s  type of re lease  would 
mean t h a t  t h e  pulling-in and l a t e r a l  control  l ines  could not be attached 

1 f o r  the  sudden movements might break the  l ines .  A t e s t  was made by 
t i l t i n g  the  caisson sidewise a s  it was released from the  spillway t o  
determine i f  it would r e f loa t  properly i f  it were l i s t i n g  a s  -it rol led 
dovm the spillway. Aside from being pushed away from the  spillway i n  
a d i f f e r en t  d i rec t ion  than formerly, no adverse e f fec t s  could be 
observed. 



s t s p  by s t ep ,  the  procedure f o r  mooring and senl ing .  However, i t  
would be necessary  t o  adjust t h e  water i n  t h e  b a l l a s t  t anks  t o  
compensate f o r  chcmges i n  r i v e r  w ~ i e r  e l eva t ion ;  f o r  i n s t ance ,  i f  t h e  
ca isson  were moored with t h e  r i v e r  water a t  e l eva t ion  937.0 and 

D r e f l o a t e d  when t h e  rive.;. water was a t  e l eva t ion  943.0, t h e  q u a n t i t i e s  
of water i n  t h e  b a l l a s t  t anks  would have t o  be changed. 

S i m i l a r i t v  Between Model and P r o t o t m e  'deinhts 

It was d e s i r a b l e  t o  deterinine t h e  s i m i l a r i t y  of t h e  model t o  
the  prototwvpe with respec t  t o  weight, I.ocstion of t h e  cen te r  sf g rav i ty ,  
tile f l o a t i n g  pos i t i ons ,  and t h e  amounts of water which could be placed 
i n  t h e  b a l l a s t  tanks. Then, it would be ~ o s s i b l c ?  t,o make adjustments  
and co r rec t ions  t o  t h e  model t o  make it a s  s i m i l a r  t o  t h e  p r c t o t m e  a s  
possible .  A l l  water was reroved from the  b a l l a s t  t anks ,  and t h e  
ca isson  was weighed, balanced t o  f ind  t h e  cen te r  of g rav i ty ,  and f l o a t e d  
t o  determine t h e  freeboard a t  each end. These r e s u l t s ,  compared wi th  
t h e  design wslues i n  F i m r e  14, i ne i ca t ed  t h a t  t h e  model was r e l a t i v e l y  
heavier  than t h e  prototype,  t h a t  i t s  cen te r  of  ~ r a v i t y  was c l o s e r  Lo 
t h e  f r o n t ,  and t h a t  t h e  f r o n t  of t h e  model floated deeper  i n  t h e  water. 
The amouqt of water each compartment of t h e  lower b a l l a s t  tank  a7d t h e  
upper ballast. tank could contain wzs xeasured and found t o  compa7e w e l l  
with t h a t  cf t h e  protot,ype e ~ t i m s t e ,  

It w a s  believed e x ~ e d i e n t  t o  make a  co r rec t ion  Lo account f o r  
t h e  excess weight of t h e  model. To do t h i s  without  d i f f i cx1 , t  r ev i s ions ,  
t,ha excess weight was ac-ounted f o r  by assuming t h a t  t h e  model was 
c o r r e c t ,  but  t h a t  a c e r t a i n  aqount c f  water was contained i n  t h e  upper 
and lower b a l l a s t  tanks.  To have a model of t h e  same weight a s  t h e  
prototype and with t h e  sanie l o c a t i o n  of t h e  c e n t e r  of  g rav i ty ,  t h e  

I equiva lent  excess weiqht of  33,000 pounds was d iv ided  i n t o  two parts, 
20,€?00 pounds f o r  t h e  upper b a l l a s t  tank ,  and 12,200 pounds f o r  t h e  
l.ower taqk. Since t h e  c a p a c i t y  of t h e  upper tank was 238,000 pounds, 
it must be assumed t h a t  it was i n i t i a l l y  e.73 percent  f u l l ;  l ikewise,  
s ince  the  capac i ty  of t h e  lower tank woe 300,CWO pounds, It must be 
assumed t h a t  it was i n i t i a l l y  4.07 percent f.211. 

I The est imated weight of t h e  ~ r o t o t y p e  caissor.  of 507,000 
pour-ds was uncer ta in ,  and may have not  included some f e e t u r e s  such as 
h o i s t i n g  m c h i n e r y  on t h e  platform, no r  t h e  a d d i t i o n a l  m a t e r i a l  requi red  
t o  d iv ide  t h e  lower b a l l a s t  tank i n t o  t h r e e  com?artments. F ina l ly ,  
i f  %he trb. tank above t h e  upper b a l l a s t  tank a t  i t s  r i g h t  s i d e  were 
f i l l e d ,  t h e  s c t u a l  weight could be c o ~ s i d e r e b l y  more than  t h a t  o f  
t h e  est imated 507,KE pounds. 



t o  account f o r  t he  poss ib l e  l oads  which were no t  c o n s i d e r s i  i n  i h e  
o r i g i n a l  e s t ima te  o f  t h e  pro to type  weight; f o r  example, t h e  m a t e r i a l  
requi red  t o  d iv ide  the  lower b a l l a s t  t ank  i n t o  t h r e e  compartments. 
Therefore,  it could be assumed t h a t  t h e  b a l l a s t  t anks  o f  t h e  model 
were i n i t i a l l y  f i l l e d  wi th  t h e  equiva len t  24,000 pounds of  water ,  with 
t h e  upper b a l l a s t  tank 6.36 percent  f u l l  and t h e  lower tank 2.9'5 percent  
f u l l .  However, t h e  r e s u l t s  of  t he  model t e s t s  were no t  analyzed upon 
t h i s  bas i s ,  but  upon t h e  est imated 507,000 pounds. It w a s  be l ieved  
t h a t  i f  an e r r o r  were made i n  t h e  weight es t imate ,  it would no t  be 
s i q n i f i c a n t  because the  recommended q u a n t i t i e s  i n  the  b a l l a s t  t a n k s  
would not d i f f e r  more than  2.4 percent  f o r  t he  upper tank  and 1.1 percent  
f o r  t he  lower tank. 

Change i n  Angle of T i l t  and Elevat ion o f  Front End f o r  Various Amounts 
of  Water in  t h e  Lower S a l l a s t  Taqks 

To s tudy t h e  t i l t i n g  opera t ion  q u a n t i t a t i v e l y ,  t h e  s i d e  
compartments of  t h e  lower b a l l a s t  t ank  were f i l l e d  and then  t h e  c e n t e r  
compartment f i l l e d  wi th  measured amounts of  water.  The upper b a l l a s t  
t ank  113s empty o r  equiva len t  t o  8.73 percent  f u l l  w i th  t h e  ca i s son  
weig t t  co r r ec t ion  appl ied ,  The re'l.stion o f  tilt m g l e  t o  t h e  t o t a l  
percept  of water  i n  t h e  t h r e e  compartments of  t h e  lower b a l l a s t  tank 
was compared with measured va lues  of  t h e  o r ig ina l ,mode l ,  and found t o  
be s i m i l a r ,  i n d i c a t i n g  t h s t  t h e  increased  weight of  t h e  f i n a l  model 
had onl:: a minor e f f e c t  cpon t h e  a n s l e  o f  tilt (Figure  11).  The b a l l a s t  
t m k s  were then  emptied and t h e  t e s t  repeated. However, t h i s  t ime t h e  
t h r e e  compartments of t h e  tank  were f i l l e d  uniformly maintaininp, t h e  
same depth i n  each. The r e s u l t s  were n e a r l y  i d e n t i c a l  with t h e  former 
t e s t  and it was concluded t h a t  e i t h e r  method may be  used. 

The r e l a t i o n  of  tilt angle  t o  t h e  percent  of water in t h e  

I lower b a l l a s t  t ank  would be  d i f f i c u l t  t o  measure d i r e c t l y  when t h e  
~ r ~ t o t y p c  ca i s son  i s  i n  opera t ion ,  E i the r  t h e  curves  of F igures  6 and 8 
or the  curve ir! Figure 7 would have t o  be used. The curve cf t h e  
s p e c i f i c z t i o n  drawing "Ballsst Required t o  T i l t  t h e  Caisson" i s  shown 
enlarged i n  Figure 1.5, and model d a t a  a r e  inc luded  f o r  p-urpsec of  
compsrioon. Considerine t h e  f a c t  t h a t  t h e  model was heavier  than  t h e  
p r o t o t p e ,  t h i s  comparison i s  f a i r l y  close. 

1 .Another coinparisor., by use  of  t h e  L curve  of Figure 15, 
shows +&he he ight  L t h e  f r o n t  end of t h e  ca i s son  w i l l  l i f t  out  c f  t h e  
water  f o r  n ~ i v e n  an+ of tilt. It i s  noted t h a t  t h e  model curve 
does not  agree wi th  t h e  prototype es t imate ,  although similar in shape. 



This i s  t o  be expected s ince  t he  value of L depends upon t h e  weight 
and submergence of t he  caisson. Since tho model i s  comparatively 
heavier, the model curve ahould ind ica te  smaller values of L, as it 
does, and it i s  possible t o  cor re la te  these  model and prototype curves 
f o r  any given angle of tilt by computing the  force which sinks the  
model deeper. This force  was computed t o  be approximately 29,500 pounds, 
and thus the ac tua l  comparison of t o t a l  weights w i l l  be 540,000-29,500 
or 510,500 pounds, wh i l e  t he  prototype estimate i s  507,000 pounds. 

Change i n  Annle of T i l t  fo r  Vat-iou~ Amounts of Water i n  Both Bal las t  
Tanks - 

The r e l a t i on  of t h e  anale  of tilt while f loa t ing  t o  t h e  amount 
of  water i n  the lower b a l l a s t  tank had been studied previously 
(Fipure 11). In t h a t  test corrections had been made t o  account f o r  
t h e  heavier node1 by assuming t h s t  the  upper b a l l a s t  tank was i n i t i a l l y  
8.73 percent f u l l  and the  lower b a l l a s t  tank was 4.07 7ercent f u l l ,  
These corrections had been based upon the  weight of t h e  d ry  caisson. 
Then t he  t e s t s  were repeated t o  study fu r the r  t h e  r e l a t i on  of tilt wi th  
respect  t o  the vzrious amounts of water, not only i n  t h e  lower ba l l a s t  
t ank ,  but a l so  in  the  upper, it was found t h a t  t h e  weight of the  model 
caisson had been increased several pounds evident ly  due t o  water i n  the  
t m k s  which c o ~ l d  not be removed. By assuming t h i s  increase t o  be 
d iv ided  equally between t he  upper and lower tanks, it was estfmated 
t h a t  the  lower tank would be i n i t i a l l y  7.49 percent f u l l  and t h e  upper 
tank 13.03 percent f u l l .  

When the r e l a t i o n  of tilt angle t o  percent of water in t h e  
lower tank, considering t h e  upper tank t o  be empt::, was compared n i t h  
the. former t e s t  it was found t h a t  t h e  two curves? did  not  agree (Figure 16). 
However, t he  a c tua l  amount of water placed in the  lower b a l l a s t  tank 
t o  tilt the  ceisson t o  a givsn angle was near ly  t h e  same in both tests 
and t he  two curves d i f f e r ed  only by t h e  amount of t h e i r  lower tank 
corrections,  4.07 and 7.k9 percent fill. This was t o  be expected since 
t h e  angle of tilt depends primari ly on the  mount of water i n  t h e  lower 
b a l l a s t  tank. It w e s  concluded t h a t  the re  was a l s o  add i t iona l  unaccounted- 
f o r  water i n  the  b a l l a s t  tanks during t he  previous t e s t ,  and t h a t  t h e  
correct ion of 4.07 percent was insuf f ic ien t .  Although t h i s  discrepancy 
does not appear t o  be important, it serves t o  emphasize t h a t  i n  t he  
prctotype t he  mount of water required in  t h e  b a l l a s t  tanks f o r  a given 
tilt angle may be d i f f e r en t  from thst indicated by t he  mociel t e s t s .  
For t h i s  reason, it i s  recommended t h a t  t he  r e l a t i on  of tilt angle t o  
the emount of water i n  t h e  ballast tanks be determined by f i e l d  t e s t s  
before the  mooring operations are begun, and t ha t  the  correct ion obtained 
be used t o  modify other d a t a  of t h i s  repor t ,  



upper b a l h s t  tank  f i l l e d  20, 40, 60, and 80 percent. Less water  i s  
requi red  i n  t h e  1.ower b a l l a s t  tank f o r  a given tilt angle &en t h e r e  
i s  water  i n  , t he  upper tank, but  t h e  t i l t i n g  opera t ion  depends mainly 
upon t h e  amount of water in t h e  lower tank. A c r i t i c a l  t i l t  angle 
e x i s t s  a t  about 10' where below t h i s  angle  t h e  amount of water  i n  
t h e  upper tank does not a f f e c t  t h e  tilt appreciably.  A t  l e s s e r  m g l e s  
an inc rease  of water  in t he  upper b a l l a s t  tank w i l l  decrease t h e  ti1.t  
when t h e  ca isson  i s  not moored. 'fiere it i s  necessary  t o  tilt t h e  
ca isson  more than 20°, t h e  addi t ior ,  of n small q u a n t i t y  of ziater in t h e  
lower tank w i l l  cause a c o m p r a t i v e l y  l a r g e  inc rease  i n  t i l t , = d  t h e  
ndjustmentc msy r o q u i r s  c a r e f u l  manipulation on t h e  p a r t  of the  operetcr .  
Also t h i s  condi t ion  i s  accentuated as t h e  upper tank j s  f i l l e d ,  t h u s  
it may be well f o r  the  operz tor  t o  perform the  t i l t i n g  opera t ions  wi th  
t,he upper tank n e a r l y  empty. (~rnount depends on r equ i red  wheal load 
on sc i l lway  and r i v e r  water  su r face  e leva t ion . )  

Det.ermination of t h e  Arnomt of Water Needed i n  Ba l l a s t  Tanks 

In t h e  pre l iminary  mooring t e s t s  it was demonstrated t h a t  
t h e  amount of water necess l rg  i n  t h e  b a l l a s t  t anks  dur ing  t h e  mooring 
operatior? would depend upon t h e  miiner  i n  which t h e  ca isson  was moored, 
and u p o ~  t h e  r i v e r  water sur face  e leva t ion .  i h e n  i t  was a t t e ~ p t e d  t o  
s tudy t h e  problem f u r t h e r ,  it was folmd t h a t  t h e  fol lowin f a c t o r s  
were involved: (1.) t h e  r i v e r  water  su r face  s l e v a t i o n ;  (28 t h e  a m o u t  
o f  water  i n  t h e  lower b a l l a s t  tank;  (3) t h e  mount cf water i n  t h e  
upper b a l l a s t  t m k ;  ( 4 )  t h e  anqle of tilt of the  ca isson  when f l o a t i n g ;  
( 5 )  t h e  e l e v a t i o n  o r  he igh t  t o  which t h e  f r o n t  end o f  t h e  ca isson  
l i f t s  out  of water t o  reach  t h e  mooring pos t ;  (6) the  angle o f  tilt o f  
t h e  ca i s son  ehen moored; (7) t h e  fo rce  on t h e  mooring post when moored; 
( 8 )  t h e  v a r i a t i o n  of force  on t h e  mooring pos t  a s  t h e  ca isson  i s  being 
pu l led  t o  t h e  mmring pos t ;  (9) t h e  fo rce  o f  t h e  wheels a g a i n s t  t h e  
spi l lway when moored; (10) the  v a r i a t i o n  of f o r c e  on t h e  wheels when 
the  ca isson  i s  being r u l l e d  t o  t h e  moorinq pos t ;  and (11) t h e  e f f e c t s  
of ex+Yernal i n f luences  such as e x t r a  weil,ihts on t h e  ca isscn ,  o r  water  
in t h e  upper s i d e  trim tank, o r  f o r c e s  on t h e  l a t e r a l  c o n t r o l  l i n e s  
a l l  of  which a r e  urlknown. 

might  
e f f e c t  

I n  Factor  1, t k e  water su r face  i s  independent of  con t r a1  and 
be any value between e l e v a t i o n s  935.0 and 945.0. Factor 11, t h e  

of t h e  unknown e x t e r n a l  i n f luences ,  w i l l  have t c  be considered 
a t  t h e  time cf t h e  s c t u a l  mooring of  t h e  prototype,=d w i l l  nct be 
discusser! fu r the r  i n  t h i s  report .  Fac to r s  2 and 3 ,  t h e  amounts of water  
in t,he ba l las t  tanks  3re ad jus t ab le ,  thus m k i n g  it poss ib l e  t o  obta in  



It follows that  Factors 1, 2, and 3 a re  the  independent variables and 
Factors 4 t o  10 are  the dependent variables.  To determine the dependent 
variables t e s t s  were made by placing various quant i t i es  of water in t h e  

. ba l l a s t  tanks (Factors 2 and 3) and then measuring the angle of tilt 
and the height the caisson l i f t s  out of water  actors 4 and 5). Next, 
the caisson was moored with various water surface elevations, and 
Factors 6 t o  10 ware measured. The dependent variables were measured 
f o r  the f ree  f loat ing and mooring o?erations with the lower ba l l a s t  
tank 7-49, 24.07, 44.07, 64.07, 69.07, 74.07, 79.07, 81.57, 84.07, and 
80.57 percent fill; the upper ba l l a s t  tank 13.03, 18-73, 33.73, 48-79, 
68.73, and 88.73 percent fu l l ,  and water surface elevations of 935.0, 
937.0, 939.0, 941.0, 943.0, <and 945.0. Through these various 
combinations, it w a s  possible t o  anticipate any operating condition 
which might arise.  

A n ~ l e  of T i l t  Required f c r  Moorina--Caisson Floating 

One of the  steps of the proposed mooring operation was t o  
tilt the caisson suf f ic ien t ly  for the  .4-frame 50 reach the mooring post. 
It was anticipated tha t  t h i s  operation could be accomplished only with 
t h e  r i ve r  water surface above elevation 936.0, because a t  the  lower 
elevations the caisson would have t o  be t i l t e d  beyond 51°20', the  
s ~ i l l w a y  face angle. However, it was fcund t h a t  the model could not be 
t i l t e d  tc reach the mooring poet with the water surface below 
elevzticrn 938.0, since the height t o  which the caisson could reach was 
dependent upoc i t s  weiaht. Figure 17 shows the  required tilt angle 
for  various water surface elevations. Two curves are  shewn, one for  
the estimated wei,yht of 507,000 pounds for  the  prototype and the other 
for  the model weight equivalent of 540,000 pounds. It was believed 
tha5 the actual  conditions w i l l  l i e  between these curves, and nust, be 
determined 5y the operators i n  t h e  f ie ld .  The operator must exercise 

i c x t i o n  in t i 3  t ing  the caisson ~vhen the water surface elevation is  low 
t o  3 ~ 0 i d  3 i l t i n r  beyond the apillway slope of 51°20'; while on the 
other hmd, he must avoid t i l - t ing  the  caisson fur ther  t h m  necessary 
when the water surface i s  high. In  th3t case the A-franie .my ha.1.e t o  be 
lowered t o  reach the mooring post, and a s  outlined i n  Instruction 4 
of Figure 7, the  peaking lines could be overloaded. 

Anale of Til t  fo r  Varicus Amounts of !$ater i n  Ballast Tank--Caisson Moored 

It i s  believed t h a t  the caisson should never be t i l t e d  t o  
the slope of the $Fillway u n t i l  i t  i s  secured t o  the mooring post, and 



held agains t  the  spillway so the lower end All not s t r i k e  t he  
spillway f i r s t  and drag the  seals .  The angle 'of  tilt of t he  caisson 
when moored depends upon t he  water surface elevation,  and t he  amount . 

, of water in the  cpper and lower b a l l s s t  tanks. Accordingly, i n  t h e  
de ta i l ed  t e s t s  one s t e p  was t o  measure the  tilt angle with the  
caisson moored. The da ta  was arranged t o  give t h e  dashed curves of 
Figure 8, which shows t h e  r e l a t i on  ~f tilt angle i n  degrees t o  percent 
of water i n  t he  lower b a l l a s t  tank fo r  the  upper b a l l a s t  tank 10, 20, 
40, 60, and 80 percent f u l l .  Curves a r e  shown fo r  >rater surface 
e levat ions  935.0, 937.0, 939.0, 941.0, 943.0, and 945.0. With t h e  
information given on Figure 8,any condition may be determined by 
in terpola t ion.  

Several l imi ta t ions  a r e  imposed upon the  curves of Figure 8. 
fJo in fomat ion  i s  shown for  the  lower b a l l a s t  tanks l e s s  than 1+0 per- 
cent  f u l l ,  because a l l  operat ions must be made with t h e  lower tank 
65 t o  35 percent f u l l  o r  the loads on t he  mooring post w i l l  be 
excessive. The curves were not extended beyond t he  point  where t he  
lower t v lk  was 85 percent f u l l  although the  tilt angle of 51"201 was 
not reached j.n every case. This was because, i f  t he  v e r t i c a l  tilt 
angle was not reached, the re  would be an upward t h ru s t  of t he  A-frame 
against  the  mooring post with t h e  tank mcre than 85 percent f u l l .  
I n  correct ing f o r  t he  excess weight of the  model it was assumed t h a t  the  
upper tank was 13.03 percent ful.1, and a curve fo r  t he  empty condition 
wotlld have t o  be obtained by extrapolation. However, t h e  da ta  did 
not warrant t h i s  f o r  it was of such a nature t ha t  the  curvcsshown f o r  
t he  tank 10 percent f u l l  might a l so  be used a s  t h s  0 percent curves 
without excessive e r r o r ,  

Force or. moor in^ Post :or Diffprent Ta i l  Yater.-Elevations and V a r i . 0 ~  
Amounts of Water i n  Bal las t  Tanks 

In  addit ion t o  showing the  angle of  tilt when moored, Figure 8 
shows the  force on t he  mooring post f c r  t he  various combinations of 
water surface elevations and amounts of wster i n  t h e  tanks. It i s  
eznphasized t h a t  t he  forces  a r e  g rea te r  than t h e  designated s t rength  of 
the  mooring post and A-frame, 65,000 pounds, whenever t he  lower b a l l a s t  
tank i s  3.ess t h a n  65 percent f u l l ,  and t h a t  under certair ,  cocdit ions 
t h i s  force became zero with t he  lower tank about 50 t o  84 ~ e r c e n t  fu l l .  
The force  curves f o r  d i f f e r en t  amounts of water in t h e  upper b a l l a s t  
tank followed a d e f i n i t e  pat tern ,  the  forces  decreasing rap id ly  a s  the  
lower tsnk was f i l l e d  until t h e  tilt of t he  caisson was 51°20'. The 
forces  increased rapidly  with fu r the r  amounts of water i n  t he  lowsr 



the add i t i on i l  amounts of water acted d iFec t ly  upon the-mooring post,  

Force Required t o  P u l l  Caisson up the Face of the  Spillway t o  Moorinq 
Po st . - 

I f  it is  fouid expedient t o  p u l l  t he  caisson up the spil lway 
face t o  the mooring post,  it i s  necessary t o  know the  pull ing fo rces  ' 
required. Therefore, f o r  each of the  combinations of water q u a n t i t i e s  
i n  t he  upper and lower ba l l a s t  tanks and t he  d i f f e r en t  r i ve r  water 
surfaco elevations,  t he  model caisson was slowly pulled t o  t h e  mooring 
~ o s t ,  and the  pu l l ing  force on the  A-frame measured, This Ful l ing force 
remained surpr i s ing ly  constant during t h e  mooring operation. A s  soon 
as the  caisson was l i f t e d  a small d i s tance  out of  t he  water, t h e  p u l l  
increased t o  a~p rox ima te ly  tha t  required t o  hold it i n  f i n a l  pos i t ion  
t o  the mooring post ,  and the  magnitude d id  not change appreciably a s  it 
was pulled up t h e  spil lway face. Thus f o r  given amounts of water i n  
t h e  ba l l a s t  tanks, the  pu l l  i s  independent of t he  water surface elevation. 
However, as demonstrated by t h e  model, i f  t h e  mooring operation ~ r o c e e d s  
too  f a s t  the p u l l  may increase as  much as 100 percent beceuse t h e  tilt 
angle might not  change rap id ly  enough t o  e s t ab l i sh  t he  balance with the  
pull ing force. Moreover, i f  the  operation proceeds too f a s t ,  t h e  
caisson w i l l  l i k e l y  rock about the  wheels a f t e r  it i s  noored and cause 
a considerable f luc tua t ion  of force on the  mooring post,  

It was concluded from these  observations t h a t  the  fo rce  t o  
plil1 t he  caisson t o  t h e  mooring post will  be p r ac t i c a l l y  the same as 
the  force when moored, and that, the fo rce  curves of Factor 7 will be 
a~pl.icab1.e (Figure 8). However, these condit ions hold only when t h e  
angle of tilt does not become so great  a s  t o  cause t he  caisson t o  drag 
against  the spil lway surface. 

Force Exerted on Face of the  Spillway by Caisson Wheels when Caisson 
i s  Moored 

The des i rab i l - i ty  of having the wheels i n  contact with t h e  
spillway has been discussed previously, and accordinqly, the  wheel loads 
were measured a t  t h e  same time t h a t  t h e  forces  on the  mooring post  and 

I 
the forces t o  p u l l  the  caisson t o  the  mooring post were measured. Theae 
measure~ents were made by 1i f t i r .g  a wheel j u s t  off  t h e  spil lway wi th  a 
smll spring sca:e, It was found t ha t  t he  load on the  two wheels wes 
approximately 100 t o  120 percent of t he  force  on t he  laoaring post  a t  
a11 times, Therefore, it may be concluded t h a t  for  a l l  p r a c t i c a l  purposes 
the  force of both wheels against  the spil lway w i l l  be the same as t h e  
pu l l  on the  mooring post,  and t h a t  t h e  approximate wheel load i s  given 
by the curves of  Figure 8, 
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ANCHORAGE FOR LATERAL CONTROL 
LINE BLOCK 
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GRAND C O U L E E  D A M  
MAINTENANCE OF SPILLWAY 
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NOTE: C u r v e s  a p p l y  w h e n  c a i s s o n  is  
f l o a t i n g  f r e e ,  moored  or sealed 
t o  s p i l l w a y  f a c e ,  and w i t h  
rio l i s t i n g .  

a ---Liquid Leve l  

* "  
To m e a s u r e  

. - - -A i r  pump 

""- - - -Lef t  c o m p o r t m e n t  I ~ n e  

I .- -F" Pipes  

Cen te r  s o m p u r t m e n  f l i n e  
Y 

‘----Right c o m p o r t m e n t  line f u n k  

H e a d  - T i l t  c u r v e s  fa r  C e n t e r  C o m p o r t m e n t  
w i t h  S l d e  C o m p a r t m e n t s  f i l l e d  95 %.--, 

H E A D  H ,  O F  W A T E R  I N  F E E T  H E A D  H ,  OF W A T E R  I N  F E E T  

C A S E  I - W H E R E  H IS  S A M E  I N  A L L  C O M P A R T M E N T S  C A S E  2 - S I D E  C O M P A R T M E N T S  95% F U L L ,  A D J U S T M E N 7 - S  B Y  C E N T E R  C O M P A R T M E N T  
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G R A N D  C O U L E E  D A M  
SPILL-WAY F A C E  C A I S S O N  

D E T E R M I N A T I O N  O F A M O U N T  OF W A T E R  
I N  LOWER B A L L A S T  T A N K  





I'EHCCNr OF UATEH iN LOWER B4L.LLST TkN- 

E-W.5 €LEV 943.00 

P E R C t Y  l OF HATER Y4 LL3WER BALLAST T l h *  

F-W.S.ELEM 945.00 

COLUtrlBIA B A S I N  PROJECT WASHINGTON 

G R A N D  GOULEE D A M  
HYDRAULIC STUDIES ON 1:20 MODEL 

OF SPILLWAY FACE CAISSON 

EFFECT OF BALLAST WATER ON THE 
M O O R I N G  FORCES A N D  T I L T  A N G L E  
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A. Top of caioson fran l e f t  front corner. 

B. Calsoon t i l ted to  show working apace on under side. 

Grand Coulee Spillway Face Caisson 
1:20 Scale Model 



NOTE: On final Design Curves, Model 
weight adjusted to  Prototype 
by assuming upper ballast tank 
0 .73% ~ U I I .  

, L o w e r  Bal last  
Tan k 

PERCENT OF W A T E R  I N  LOWER BALLAST TANK 

COLUMBIA BASIN PROJECT-WASH INGTON 

G R A N D  C O U L E E  D A M  
H Y D R A U L I C  S T U D I E S  O N  1:20 MODEL 

OF S P I L L W A Y  FACE C A i S S O N  

R E L A T I O N  O F  T I U  TO W A T E R  IN LOWER BALLAST T A N K  



Figure 12 

A. Caisson floating in position for mooring. 

B. Caisson tilted for mooring by placing water In lower ballast tank, 

Mooring of Grand Coulee Spillway Face Caisson 
to  face dam. 1:20 Scale Model 



A. Caisson attached to  mooring post re- for sinking operation. 

B. Caisson sealed prepmatory to mwaterlng work chaiber. 

Sinking Qld Coulee SplJlway Face Caisson 
in  place on epiUway face. 1:20 Scale W e 1  



A. WEIGHT OF CAISSON 
. . . . . . .  I. Prototype design value.. ,507,000 Pounds 

. . . . . . . . . . . . . .  2.  Final model.. .540,000 pounds 

8. CENTER bF GRAVITY 
x I. Prototype design volue. . . . . . .  .26.67 Ft. 

. . . . . . . . . . . . .  2. Final model. .27.0 Ft. 
- 

. . . . . . .  y I. Prototype design value. .o.O 
. . . . . . . . . . . . . .  2. Final model. .O.I Ff. 

- 
. . . . . .  z I. Prototype design vglue. .2.08 Ft. 

. . . . . . . . . . . . .  2. Final model. .2.00 Ft. 

G. FLOATING DEPTH 
FRONT I. Prototype design value. . . . . . . .  1.67 Ft. 

. . . . .  2. Fino1 model Left side l:91 Ft. 
Right side 1.90 Ft. 

REAR I. Prototype design value. . . . . . .  .3.28 Ft. 
. .  2. Final model Left side.. . .3.33 Ft. 
. Right side.. ..3.17 Ft. 

COLUMBIA B A S I N  PROJECT- WASHINGTON 

G R A N D  C O U L E E  D A M  
H Y D R A U L I C  S T U D I E S  ON 1120 MODEL 

O F  S P I L L W A Y  F A C E  C A I S S O N  

COMPARISON OF MO9EL WITH 
PROTOTYPE DESIGN 





NOTE:  Cass ion f l o a t i n g  
a n d  n o t  moored ,  

Tank 

PERGENT O F  W A T E R  IN  L Q W E R  B A L L A S T  T A N K  

COLUMBIA BASIN PROJECT-WASHiNGTON 

G R A N D  C O U L E E  DAM 
HYDRAULIC  S T U D I E S  O N  1:20 MODEL 

OF  S P I L L W A Y  FACE C A I S S O N  
R E L A T I O N  OF T ILT  T O  WATER I N  UPPER 

6- 

L l C  
AND L O W E R  BALLAST T A N K S  




